Introduction
Recently, several large studies have demonstrated that intraoperative hypotension can induce myocardial injury, worsening postoperative morbidity and mortality [1, 2] . Not only the degree of hypotension, but also the duration of intraoperative hypotension, can contribute to deteriorating postoperative outcomes [2] . Since acute massive hemorrhage can cause intraoperative hypotension, optimal fluid resuscitation should be performed immediately and appropriately to preserve blood pressure, peripheral perfusion and oxygen delivery to vital organs. Although a compatible blood transfusion might be the most suitable therapy for acute hemorrhage, colloids and crystalloids are usually administered first as intravascular replacement regimens for preservation of hemodynamics, to limit transfusion product and transfusion-related complications [3] . Colloids have been shown to maintain intravascular volume and hemodynamics better than crystalloids through preservation of colloid osmotic pressure [4, 5] . Several studies have demonstrated that fluid resuscitation with colloids compared to crystalloids might improve the outcomes of acute hemorrhagic shock [6, 7] . Moreover, recent studies have elucidated the detailed effects of fluid resuscitation with hydroxyethyl starch (HES) on microcirculation and micro-vessels in subjects with acute hemorrhagic shock [8, 9] . These studies have shown that fluid resuscitation with HES can maintain adequate tissue oxygenation and peripheral perfusion [8] , and suppress vascular permeability via protection of glycocalyx layer in acute hemorrhagic shock [9] .
Conversely, many randomized controlled studies focusing on patients with septic shock have shown that the advantages of fluid resuscitation with colloids, including HES and albumin, remain controversial [10, 11] . In particular, many studies have shown harmful effects of HES on the kidneys in various patients [12] . Moreover, the high molecular weight HES can cause coagulopathy [13] . These disadvantages of HES mainly in patients with septic shock have limited its use even in patients with hemorrhagic shock.
The author briefly summarized recent demonstrated advantageous effects and clinical concerns of the fluid resuscitation with HES in acute hemorrhagic shock.
Fluid resuscitation in septic shock or hemorrhagic shock
Perioperative physicians might have noted that most previous studies demonstrating the disadvantages of HES have focused on patients with septic shock, rather than those with hemorrhagic shock. In septic subjects, pro-inflammatory cytokines are activated, and the resultant inflammatory responses damage endothelial cells and/or the glycocalyx layer, leading to enhanced capillary leakage [14] . Therefore, the fluids administered, including the colloids, leak from the vessel to the interstitium, decreasing the desired volume expansion effect. Previous studies have shown that vascular endothelial growth factors (VEGFs) are associated with increased vascular permeability [15, 16] as part of the inflammatory response. VEGFs were reported to contribute to increased microvascular leak in acute respiratory distress syndrome [16] . Conversely, acute hemorrhagic shock itself might have less effect on VEGF levels [17] . Ganter et al. reported that VEGFs were not increased and their levels did not correlate with severity of injury and tissue hypoperfusion in the early stages after trauma [17] . In another animal study, fluid resuscitation with HES did not increase VEGF levels and hence, did not lead to capillary leakage [7] . Although prolonged hypoperfusion and hypoxia caused by hemorrhagic shock can induce inflammatory responses leading to enhanced vascular permeability and capillary leaks [18] , earlier hemodynamic stability by fluid resuscitation with HES can attenuate the inflammatory responses [19, 20] . Thus, immediate fluid resuscitation with HES might be effective in preventing capillary leaks, which could be a new aspect of the fluid resuscitation strategy in acute hemorrhagic shock.
Fluid resuscitation focusing on vascular permeability and the glycocalyx
Previous studies have shown that the effects of fluid resuscitation on vascular endothelial permeability depend on the type of fluids administered [21, 22] . Fresh frozen plasma (FFP) was reported to have protective effects on vascular permeability [21] and the glycocalyx layer [22] after hemorrhagic shock. However, the use of FFP may be limited in emergent situations since it can cause several adverse effects [23] . Recent studies have shown that fluid resuscitation with a third-generation HES (HES 130/0.4) in acute hemorrhagic shock can preserve micro-vessel integrity [8] and protect the glycocalyx layer, leading to better outcomes in animal models of acute hemorrhage [9] . Komori et al. have demonstrated that fluid resuscitation with HES 130/0.4 effectively maintained adequate tissue oxygenation and peripheral perfusion compared to that with crystalloids in a rabbit model of hemorrhagic shock [8] . By examining the micro-vessel and perfusion status of the sublingual mucosa and an ear chamber using intravital microscopy, their study clearly showed that HES rather than crystalloids preserved hemodynamics and the microcirculation. Their results indicated that better recovery of central venous oxygen saturation and the central venous-to-arterial carbon dioxide gap could be achieved after fluid resuscitation with HES 130/0.4. Uzawa et al. also studied the efficacy of HES 130/0.4 on the microcirculation in a mouse model of acute hemorrhage [9] . They focused on modulation of the glycocalyx, which plays a crucial role in the preservation of vascular wall integrity and prevention of capillary leak, before and after fluid resuscitation in acute hemorrhagic shock. They found that fluid resuscitation with HES 130/0.4 but not the crystalloids (normal saline) could preserve glycocalyx thickness in acute hemorrhagic shock. They also found that an increased concentration of syndecan-1, which is a component of the glycocalyx and is released into the blood under hyper-permeability, was not observed in subjects treated with fluid resuscitation using HES 130/0.4. They confirmed preservation of the glycocalyx by HES 130/0.4 by linking it to the suppression of capillary leak of fluorescein isothiocyanate-labeled agents. On the basis of this evidence, fluid resuscitation with HES 130/0.4 in acute hemorrhagic shock might improve not only hemodynamics and macro-circulation, but also microcirculation, via preservation of vessel integrity and prevention of capillary leak. Further studies are desired to reveal the association between glycocalyx status and the degree of inflammatory responses during fluid resuscitation with colloids or crystalloids in acute hemorrhagic shock, and the effects of hemodilution through prevention of capillary leak on oxygen delivery to vital organs. Nevertheless, recent evidence suggests that the strategies for fluid resuscitation in acute hemorrhagic shock should be different from those in septic shock.
Clinical concerns on fluid resuscitation with HES in acute hemorrhagic shock
Previous studies have pointed out harmful effects of older generation of HES on the kidneys in various patients [12] . However, recent evidences have shown that a third-generation HES did not contribute to the renal dysfunction in subjects with hemorrhagic shock [6] [7] [8] and in surgical patients [24, 25] , it preserved renal function through maintenance of microvascular oxygenation [6, 26] .
While earlier fluid resuscitation with HES has advantageous effects on vascular permeability in acute hemorrhagic shock, prevention of capillary leak can induce hemodilution leading to coagulopathy. HES and albumin produced greater hemodilution and interfered with coagulation [27, 28] . Moreover, high molecular weight HES could induce coagulopathy via decreased plasma levels of coagulation factor VIII and Von Willebrand factor [28, 29] . Although the effects of a third generation of HES on coagulation factors have never been proved, and modern 6% HES 130/0.4 does not increase blood loss and transfusion requirements are the same as the older generation of HES [28, 29] , perioperative physicians should consider dilution coagulopathy during fluid resuscitation with HES 130/0.4 in acute hemorrhagic shock.
